SUMMARY Differential renal function assessment using s9mTc-DTPA was carried out in 12 children aged between 3 weeks and 11 years who had undergone surgical procedures which allowed separate access to the urine output from each kidney. The results correlated well with those obtained by measuring individual kidney creatinine clearances. The best result was obtained using the technique of deconvolution analysis (r 0.98; P<0O 001). We conclude that the method is accurate and recommend its use in the management and follow-up of patients with asymmetric renal disease.
The need for a reliable noninvasive method for studying individual kidney function in children is apparent. The damage incurred by the kidneys in diseases such as vesicoureteric reflux and obstructive uropathy is seldom symmetrical, and the selection of optimal treatment and follow-up requires quantitative information about the functional status of each kidney as well as knowledge of the total renal function. An example of the type of case in which such information would be useful is that of a child with bilateral reflux nephropathy who has poor function of one kidney on intravenous urography. A decision has to be made as to whether ureteric reimplantation or nephrectomy should be carried out. It would obviously be advantageous if the relative function of the affected kidney could accurately be assessed.
Radiographic contrast techniques give valuable information about the anatomical structure of the kidneys and collecting systems. However, they provide only qualitative information on differential renal function. Bilateral ureteric cannulation for the measurement of individual kidney clearances carries the risk of introducing infection and requires general anaesthesia, and is therefore not suitable for routine use. Attempts have been made for some time to assess individual renal function by noninvasive radioisotope (Johnston and lIving, 1967; Kathel, 1971) , and more recently methods using technetiumlabelled stannous diethylenetriaminepentaacetic acid (9imTc-DTPA) have been described (Pieretti et al., 1974; Nielsen et al., 1977) . The use of deconvolution analysis to quantify the renogram and the potential advantages of this method in radioisotopic assessment of renal function have been described by Kenny et al. (1975) and Diffey et al. (1976) .
A method for quantitating individual renal function using 99mTc-DTPA has recently been described by Piepsz et al. (1977) , but nonradioisotopic measurements of individual renal function were not carried out and it is therefore difficult to judge the accuracy of the technique. The purpose of this study was to determine the accuracy of individual renal function measurements in children using 99mTc-DTPA.
Methods and materials
The 12 children studied were aged between 3 weeks and 11 years (Table 1) . Informed parental consent was obtained in each case. All had undergone surgical procedures which allowed separate access to the urine output from each of their kidneys-that is, they had ureterostomies or indwelling ureteric splints. Renal function assessments were carried out at least 6 days after surgery.
Urine was collected from both kidneys simultaneously for a period of not less than 6 hours, and plasma creatinine was estimated on a blood sample taken at the time of the 'urine collection. All creatinine estimations were done using the auto- An intravenous dose of 3 * 7 megabecquerels (100 ,uCi) per kg of 99mTc-DTPA (supplied by the Australian Atomic Energy Commission) was injected as a bolus. The children lay on a foam rubber pad placed directly on the gamma camera head (Nuclear Chicago Pho-Gamma m HP Camera with low energy, high sensitivity parallel hole collimator). Data were recorded by a computer (DEC Gamma-1I system) at the rate of one frame per 5 seconds for a total of 200 frames.
Analogue scans were recorded on Polaroid and 70 mm films for one minute after the injection (one exposure every 5 seconds), followed by renal scan image (taken at a preset count of 300 000). For computer processing, regions of interest were drawn manually as close as possible to the renal outlines using a 'joystick'. In each subnephric area a background region of interest was chosen, care being taken to avoid the course of the ureters and large vessels. Another region was selected over the heart in order to generate the blood activity (heart) curve (Figs 1 and 2) .
Counts for each kidney were corrected for background after the background area was normalised to the area of the ipsilateral kidney. The 120-second net counts for each kidney were integrated over the time intervals 1-3 minutes, 2-4 minutes, and 13-15 minutes. Background corrected time activity curves were displayed (Fig. 3) (Diffey and Corfield, 1975; Valentinuzzi and Montaldo Volachec, 1975) was used to plot the retention function for each of the kidneys. The retention function is the form that the renogram would take if a bolus of 99mTc-DTPA could be injected directly into the renal artery (Fig. 4) . The amplitudes of the retention function curves were used to calculate the relative uptake of radioactivity by the left kidney as compared with the total, and the results compared with those obtained from creatinine clearances (Fig. Sd) . 95% confidence limits were determined for the results obtained from scanning methods at 1-3 minutes, 2-4 minutes, and by deconvolution analysis. Two points were chosen for determination of confidence limits-namely, where the left kidney contribution to the total renal function was 10 and 90% (Table 2) .
Results
The data are presented in Table 1 . The contribution of the left kidney to the total creatinine clearance, when compared with the results obtained using radioisotopic techniques, showed a high degree of correlation (r= 0 98) with the 1-3 minute and 2-4 minute kidney uptake ratios and with the deconvolution analysis technique. A lower correlation (r= 0 86) was found at the 13-15 minute interval. All were significant (P<04 001).
The mean disparity between the scan results and those obtained from creatinine clearances was 6 %Y for the 1-3 minute, 5 % for the 2-4 minute, and 11 % for the 13-15 minute uptake ratios, and 4% for the deconvolution analysis method. The calculated predictions for left renal function from the data, using regression analysis, are presented in Table 2 .
Discussion
The required characteristics of any substance for the measurement ofglomerular filtration rate (GFR) are: (1) It must be preferentially excreted by the kidney. The classical substance fulfilling the above criteria is inulin (Materson, 1971 (Reba et al., 1974; Barbour et al., 1976) . This chelating agent can be readily labelled with various radionuclides, including 9mTc. The resulting complex is suitable for radioisotopic determination of GFR (Hauser et al., 1970; Chevru et al., 1974) . 99mTc has ideal physical characteristics for application in nuclear medicine. It has a short half-life (6 hours) and suitable radiation characteristics (140 keV photons in 90% abundance and no beta radiation). The 140 keV photon has adequate tissue (Chevru et al., 1974; Kirchner et al., 1975) .
The 99mTc-DTPA complex, after intravenous injection, equilibrates rapidly throughout its extracellular distribution space. It is cleared through the glomeruli without appreciable tubular secretion or reabsorption and only 5 % is excreted in the faeces. More than 98 % of the radioactivity remains in the chelated form and only 5-10% of the serum radioactivity at one hour after injection is associated with serum proteins (Hauser et al., 1970; Arnold et al., 1975) . This study demonstrated that individual renal function in children can accurately be assessed using "mTc-DTPA and external monitoring with computerised quantitation. The deconvolution analysis method gave the best results, but the 1-3 minute and 2-4 minute kidney uptake ratios were also satisfactory.
Statistical testing of the accuracy of these methods at the extremes ofrenal function-that is 10 and 90% function in one kidney, gave results quite adequate for clinical use ( Table 2 ). The best methods for measuring GFR have an accuracy of ± 3-6% (Materson, 1971) . 10 and 90% levels of individual renal function were chosen because it is at these levels of relative function that decisions regarding nephrectomy are most often made.
On computer analysis of the gamma camera data, it is essential to draw the regions of interest as closely as possible around the renal outlines; this is particularly important for the relative uptake method. Inclusion of extrarenal areas tends to reduce the average count in each matrix element. For the deconvolution analysis method the selection of a region of interest close to the kidney outline is not as critical, provided it includes all functioning renal parenchyma. All the children were recumbent for at least one hour before and during the time of scanning. This was felt to be important as changes in posture may lead to alterations in urodynamics and haemodynamics. The positioning of the child on top of the collimator made venepunctures easier and was found to be less frightening for the child than prone with the gamma camera head suspended above.
It was found that background regions of interest were most representative in the subnephric regions. Other sites such as areas lateral to the kidneys were found to be technically unsatisfactory in smaller children with hydronephrosis. In one child (Case 6, Table 1 ) with unilateral renal agenesis, the counts obtained in the subnephric area virtually equalled the counts obtained from the site where the kidney would normally have been situated.
Apart from its use in determination of individual renal function, scanning with 99mTc-DTPA may also be helpful in the demonstration of anatomical abnormalities of the kidneys and collecting systems, and in the diagnosis of urinary obstruction. Obstruction to urine outflow can be inferred from the shape of the renogram and from the retention function curve after deconvolution analysis (left kidney; Figs 3 and 4) . Retention of radioactive material due to obstruction is best assessed by the net cumulative count at the 13-15 minute time interval (for example, Case 8, Table 1 ).
In summary, we have shown that assessment of individual renal function with "'mTc-DTPA in children is accurate. It carries less risk and is no more disturbing to the child than a comparable radiological investigation. It can be done in any hospital with a modem nuclear medicine department. We believe that the use of this technique will prove to be important in the management and follow-up of patients with asymmetric renal diseases and also in the understanding of the evolution of these disorders. 
